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(54) Title: AN ELECTROSURGICAL INSTRUMENT 



(57) Abstract 

An electrosurgical instrument is disclosed for die treatment of tissue in the presence 
of an electrically-conductive fluid. The instrument comprises an instniroent shaft (32X and 
a tiaue treannent electrode (31) at one end of die shaft, dw tissue treatment electrode 
being constrocted to define a (riurality of pockett for trapping electrically-conductive fluid. 
Alternatively, die tissue treatment electrode (81) U made from an clectricaHy<onduclivc 
material (8 1 a) and is coated widi a resistive inert material (8 lb) which is effecdve to increase 
the local power density widitn the tissue treaiment electrode. 
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This invention relates to an electiosurgical instniracnt for the treatment of tissue in the 
presence of an electrically conductive fluid medium, to electiosuigical apparatus including 
such an instrument, and to an electrode unit for use in such an instruraenL 

Endoscopic electrosurgcry is useful for treating tissue in cavities of the body, and is 

normally pcifoimed in the i»esenceofadistension medium. When the distension mcdi^ 
is a Uquid. this is commonly refoied to as underwater electrosurgcry, this term denoting 
elcctrosurgeiy in which living tissue is treated using an electrosurgical instrumcm with 
a treatment electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterological surgery. 

Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode. Alternatively, die endoscope may be specifically adapted (as 
a resectoscope) to include means for mounting an electrode, or the electrode may be 
introduced into a body cavity via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as triangulation. These variations in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has particular advantages given the access route to the specific body cavity. Endoscopes 
with integral working channels, or those characterised as resectoscopes. are generally 
employed when the body cavity may be accessed through a natural body opening - such 
as the cervical canal to access the endometrial cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes specifically designed for use in the 
endometrial cavity are referred to as hysterocopes. and those designed for use in die 
urinary traa include cystoscopes, urethroscopes and resectoscopcs. The procedures of 
transurethal resection or vaporisation of the prostrate gland arc known as TURP and 
EVA? respectively. When there is no natural body opening through which an endoscope 
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may be passed, the technique of triangulation is commonly employed. Trianguiation is 
commonly used during underwater endoscopic surgery on joint cavities such as die knee 
and die shoulder. The endoscope used in these procedures is conunonly referred to as an 
arthroscope. 

5 

Electrosurgery is usually carried out using either a monopolar instrument or a bipolar 
instrument With monopolar electrosurgery, an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
arrangement, current passes fh)m the active electrode through the patient's tissues to the 

10 external return plate. Since the patient represents a significant portion of the circuit, input 
power levels have to be high (typically 1 50 to 250 watts), to compensate for the resistive 
current limiting of the patient's tissues and, in the case of underwater electrosurgery, 
power losses due to the fluid mediimi which is rendered partially conductive by the 
presence of blood or other body fluids. Using high power with a monopolar arrangement 

1 5 is also hazardous, due to the tissue heating that occurs at the return plate, which can cause 
severe skin bums. There is also the risk of capacitive coupling between the instrument and 
patient tissues at the enuy point into the body cavity. 

With bipolar electrosurgery, a pair of electrodes (an active electrode and a return 
20 electrode) are used together at the tissue applicauon site. This arrangement has 
advantages from the safety standjToint, due to the relative proximity of the two electrodes 
so diat radio frequency currents are limited to the region between the electrodes. However, 
the depth of effect is directly related to the distance between the two electrodes; and, in 
applications requiring very small electrodes, the inter-electrode spacing becomes very 
25 small, thereby limiting tissue effect and the output power. Spacing the electrodes further 
apart would often obscure vision of the application site, and would require a modification 
in surgical technique to ensure correct contact of both electrodes with the tissue. 



30 



There are a number of variations to the basic design of the bipolar probe. For example, 
U.S. Patent No.4706667 describes one of the fundamentals of the design, namely that the 
ratio of the contact areas of the return electrode and of the active electrode is greater than 
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7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to cutting electrode 
configurations. When a bipolar instrument is used for desiccation or coagulation, the ratio 
of the contact areas of the two electrodes may be reduced to approximately 1 : 1 to avoid 
differential electrical stresses occurring at the contact between the tissue and the 
S electrodes. 

The electrical junction between the return electrode and tissue can be sunK>rted by 
wetting of the tissue by a conductive solution such as normal saline. This ensures that the 
stirgical effect is limited to the needle or active electrode, with the electric circuit between 

1 0 the two electrodes being completed by the tissue. One of the obvious limitations with the 
design is that the needle must be completely buried in the tissue to enable the retum 
electrode to complete the circuit. Another problem is one of the orientation: even a 
relatively small change in application angle from the ideal perpendicular contact with 
respect to the tissue surface will change the contact area ratio, so that a surgical effect can 

1 5 occur in the tissue in contact with the retum electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulation of instruments. In low volume body cavities, 
particularly where it is desirable to distend the cavity under higher pressure, liquid rather 
20 than gas is more commonly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater electrosurgery has been performed using a non-conductive 
liquid (such as 1.5% glycine) as an irrigant, or as a distension medium to eliminate 
25 electrical conduction losses. Glycine is used in isotonic concentrations to prevent osmotic 
changes in the blood when intra-vascular absorption occurs. In the course of an operation, 
veins may be severed, with resultant infusion of the liquid into the circulation, which 
could cause, among other things, a dilution of senun sodium which can lead to a condition 
known as water intoxication. 
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TT^appUcants have foumlti^tuis possible to useaconductiveliqu^ 

non«a saline, in «,derwater endoscopic clectrosurgery in place of non-conducdve 

elecm>lyte-freesolutions.Non„alsalineistheprefeneddisrens^^^ 

endoscopic surgeo' when electrosurgery is not contemplated, or a non-electrical tissue 

effect such as laser treatment is being used. Although normal saline (0.9«/ow/v- 

I50,nmol/1) has an electrical conductivity somewhat greater than that of most bo^^ 
.t has the advantage that displacement by absoxpdon or extravasation from the operative' 
sue p„,duces little physiological effect, and the so^alled water intoxication effects of 
non-conductive, electrolyte-free solutions an avoided. 

The applicants have developed a bipolar instrument suitable for underwater electrosurgeiy 
usmg a conductive liquid or gaseous medium. TTus electrosurgical instrument for the 
treatment of tissue in the presence of a fluid medium, comprises an instrument body 
havtng a handpiece and an instrument shaft and an electn,de assembly, at one end of the 
shaft. The electrode assembly comprises a tissue treatment electrode which is exposed 
at d,e extreme distal end of the instrument, and a return electrode which is electricaUy 
insulated from the tissue treatment electrode and has a fluid contact surface spaced 
proximally from the exposed part of the tissue treatment electrode. In use of ti,e 
.nstrument. the tissue treatment electrode is applied to the tissue to be treated whilst the 
return electrode, being spaced proximaUy from tiie exposed part of the tissue treatment 
electrode, is nomally spaced from ti,e tissue and serves to complete an electrosurgical 
current loop from the tissue treatment electrode dm>ugh the tissue and die fluid medium. 
TTiis electrosurgical instrument is described in die specification of tiie applicants' co- 

pendingIntemationalPatentAppIicationNo.PCT/GB96«)1473.thecontentsofwWch^ 
incorporated in this application by reference. 

The electrode strucmre of tins instnmient, in combimuion widi an electrically conductive 
fluid medium hurgely avoids die problems experienced with monopolar or bipolar 
electrosnrgenr. In particular, input power levels are much lower than those generally 
necessary withamonopolararrangementCtypically 100 watts). Moreover, because of Ae 
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relatively large spacing between its electrodes, an improved depth of effect is obtained 
compared with a conventional bipolar arrangement 

Figure 1 illustrates the use of this type of instrument for tissue removal by vaporisation. 
The electrode assembly 12 of this instrument comprises a tissue treatment (active) 
electrode 14 which is exposed at the distal end of the instrument, and a return electrode 
which is spaced from the exposed part of the tissue treatment electrode by an insulation 
sleeve 16. This electrode assembly is powered to create a sufiRciently high energy drasity 
at the tissue treatment electrode 14 to vaporise tissue 22, and to create a vapour pocket 24 
surrounding die active tip. The formation of the vapour pocket 24 creates about a 1 0-fold 
increase in contact impedance, with a consequent increase in output voltage. Arcs 26 are 
created in the vapour pocket 24 to complete the circuit to the return electrode 1 8. Tissue 
22 which contacts the vapour pocket 24 will represent a path of least electrical resistance 
to complete the circuit The closer the tissue 22 comes to the electrode 1 4 the more energy 
is concentrated to the tissue, to the extent that the cells explode as they are struck by the 
arcs 26, because the return path through the conductive fluid (saline in this case) is 
blocked by the high impedance barrier of the vapour pocket 24. The saline solution also 
acts to dissolve the solid products of vaporisation. 

The power threshold required to reach vaporisation is an important parameter of this type 
of instnmicnt, and it is the aim of the invention to provide a bipolar electrosurgical 
instrument having improved vaporisation power threshold properties. 

In its broadest aspect, the invention provides an electrosurgical instrument having an 
electrode which is so constructed as to have a better vaporisation power threshold than 
known electrodes. 

Thus, according to a first aspect, the present invention provides an electrosurgical 
instrament for the treatment of tissue in the presence of an electrically-conductive flm'd, 
the instrument comprising an instrument shaft, and a tissue treatment electrode at one end 
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of the shaft, the tissue matment electrode being constructed to define a plurality of 
pockets for trapping electrically-conductive fluid and vapour. 

In use, the tissue treatment electrode traps electrically-conductive fluid, the trapped fluid 
theieby absorbing more electrical power for conversion to vapour than would otherwise 
be the case, TTiis leads to a reduction in the power threshold for vaporisation at the tissue 
treatment electrode. 



The electrically conductive fluid trapped within the iiiegularities (pockets) of the tissue 
treatment electrode progressively absorbs more power as it becomes hotter and is not 
refreshed by fluid from the surrounding environment As the fluid approaches boiling 
point, vapour pockets begin to form on the surface of the electrode. TTie vapour pockets 
effectively insulate regions of the electrode from the conductive fluid and, as a result, 
power becomes concentrated at regions of the electrode not enveloped in vapour. Fluid 
adjacem to these exposed regions then rapidly reaches a poim of vaporisation such that 
the whole tissue treatment electrode becomes coated in vapour. The vapour is entrapped 
by the incgular form of the active electiode such that, if an area of the electrode becomes 
exposed to the fluid medium during use, then die vapour pocket is rapidly reestablished 
with minimal power dissipation to the surrounding fluid. This leads to a reduction in the 
power Uireshold required both to initiate and sustain the vapour pocket during use. 

In a preferred embodiment, the tissue treatmem electrode is constituted by a plurality of 
interlaced strands of electrically-conductive material In this case, the pockets are defined 
by the interlacing of the strands. Each strand may be formed as a helix, die heUces 
preferably having a common central axis, and being of equal diameter and equal pitch. 
TTiey may be so interlaced that the pockets formed between them take the form of helical 
apertures providing fluid communication between an axially extending space within the 
helices and the space outside the heUces. In another variant, the heUces may be tighUy 
wound logeUier so that each helix lies against other helices and the above-mentioned 
pockets are simply helical recesses between neighbouring helices, little or no 
communication being available between an interior space and the utside of die elecnode. 
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It is possible to achieve a similar function to the tightly wound interlaced strand variant 
with a single piece of conductive material with helical ridges about its outer surface, either 
created by moulding, machining, or by twisting the piece of material about its longitudinal 
axis, with the twisting causing helical ridges about the outer surface of the material. 

5 

Alternatively, the tissue treatment electrode is constimted by a generally helical coil made 
of electrically-conducdve material. Here, the pockets are formed between adjacent timis 
of the helical coil. Again, the turns of the coil may be spaced apart to allow 
communication between the interior of the coil and the outside, or they may be tightly 
1 0 abutting with the pockets comprising a single helical recess on the outer surface of the 
electrode. 



The tissue treatment elecurode may also be constituted by a plurality of filaments made 
of an electrically-conductive material. In this case, the spaces between the filaments define 
IS the pockets. 

In any of these cases, the instiument may further comprise an insulating shroud which 
extends along, and partially surrounds, the tissue treatment elecurode. The shroud traps 
electrically-conductive fluid and vapour against the tissue treatment electrode, thereby 
20 enhancing its power absorption capabilities. 

In another preferred embodiment, the tissue treatment electrode is constituted by a 
spherical member made of electrically-conductive material, the spherical member being 
mounted on the shaft of the instrument by means of an electrically-conductive support 
25 member, the instnmient further comprising an insulating shroud which partially surrounds 
the spherical member. 

Advantageously, the tissue treatment electrode is made of timgsten. a noble metal such 
as platinum, or of a platinum alloy such as platinum/iridium, platinum/tungsten or 
30 platinum/cobalt. 
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Preferably, the instrument further comprises a return electrode which is electrically 
insulated from the tissue treatment electrode by means of an insulation member, the tissue 
treattnent electrode being exposed at the extreme distal end of the instrument, and the 
return electrode having a fluid contact surface spaced proximally from the exposed end 
of the tissue treatment electrode by the insulation member. Conveniently, the fluid contact 
surface of the return electrode is a smooth polished sur&ce. 

According to a second aspect, the present invemicm provides an electrosurgical instrument 
for the treatment of tissue in the presence of an electrically-conductive fluid, the 
instrument comprising an instmment shaft, and a tissue treatment electrode at one end of 
the shaft the tissue treatment electrode being made from an electrically- conductive 
material and being coated with a resistive inert material which is effective to increase the 
local power density within the tissue treatment elecuode. 

Preferably, the resistive inert material is constituted by a conductive ceramic material. 

According to a third aspect the present mention provides an electrosurgical instrument 
for the Uratment of tissue in the presence of an electrically-conductive fluid, the 
instrument comprising an instnunent shaft, and an electrode assembly at one end of the 
shaft, the electrode assembly comprising a tissue u-eatment electrode and a return 
eiecttode which is electrically insulated from the tissue treatment electrode by means of 
an insulation member, the tissue treatment electrode being exposed at the extreme distal 
end of the instrument and the return electrode having a smooth, polished, fluid contact 
surface spaced proximally from the exposed end of the tissue treatment electrode by the 
insulation member. 

In this case the instrument may further comprise means for feeding electrically conductive 
fluid over the fluid contact sur£ice of the return electrode. . 

The electrosurgical instrument of the invention is useful for dissection, resection, 
vaporisation, desiccaticm and coagulatt n of tissue and combinauons of these functions 
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with particular application in hysteioscopic surgical procedures, Hysteroscopic operative 
procedures may include: removal of submucosal fibroids, polyps and malignant 
neoplasms; resection of congenital uterine anomalys such as a sqstum or subseptum; 
division of synechiae (adhesiolys is); ablation of diseased or hypertrophic endometrial 
5 tissue; and haemostasis. 

The instrument of the invention is also useful for dissection, resection, vaporisation, 
desiccation and coagulation of tissue and combinations of these functions with particular 
application in arthroscopic surgeiy as it pertains to endoscopic and percutaneous 
procedures performed on joints of the body including, but not limited to, such techniques 
as they apply to the spine and other non*synovial joints. Arthroscopic operative 
procedures may include: partial or complete meniscectomy of the knee joint including 
meniscal cystectomy; lateral retinacular release of the knee joint; removal of anterior and 
posterior cruciate ligaments or remnants thereof; labral tear resection, acromioplasty, 
bursectomy and subacromial decompression of the shoulder joint; anterior release of the 
temperomandibular joint; synovectomy, cartilage debridement, chondroplasty, division 
of inira-articular adhesions, fracture and tendon debridement as applied to any of the 
synovial joints of the body; inducing thermal shrinkage of joint capsules as a treatment 
for recurrent dislocation, subluxation or repetitive stress injury to any articulated joint of 
the body; disccctomy either in the treatment of disc prolapse or as part of a spinal fusion 
via a posterior or anterior ^)proach to the cervical, thoracic and lumbar spine or any other 
fibrous joint for similar purposes; excision of diseased tissue; and haemostasis. 

The instrument of the invention is also useful for dissection, resection, vaporisation, 
25 desiccation and coagulation of tissue and combinations of these functions with particular 
application in urological endoscopic (urethroscopy, cystoscopy, ureteroscopy and 
nephroscopy) and percutaneous surgery. Urological procedures may include: electro- 
vaporisation of the prostrate gland (EVAP) and other variants of the procedure commonly 
referred to as ttansurethral resection of the prostate (TURP) including, but not limited to, 
30 interstitial ablation of the prostate gland by a percutaneous or pertirethral route whether 
performed for benign or malignant disease; transurethral or percutaneous resection of 
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urinary tract tumours as they may arise as primary or secondary neoplasms, and further 
as they may arise anywhere in the urological tract from the calyces of the kidney to the 
external urethral meatus; division of strictures as they may arise at the pelviureteric 
junction (PUJ), ureter, ureteral orifice, bladder neck or urethra; correction of ureterocoelc 
shrinkage of bladder diverticular, cystoplasty procedures as they pertain to corrections of 
voiding dysfunction; thermally induced shrinkage of the pelvic floor as a corrective 
treatment for bladder neck descent; excision of diseased tissue; and haemostasis. 

Surgical procedures using the instrument of the invention include introducing the 
electrode assembly to the surgical site whether through an artificial conduit (a cannula), 
or through a natural conduit which may be in an anatomical body cavity or space or one 
created surgically. The cavity or space may be distended during the procedure using a 
fluid, or may be naturally held open by anatomical structures. The surgical site may be 
bathed in a continuous flow of conductive fluid such as saline solution to fill and distend 
the cavity. The procedures may include simultaneous viewing of the site via an 
endoscope or using an indirect visualisation means. 

The invention also provides an electrode unit for an electrosurgical instrument for the 
treatment of tissue in the presence of an electrically-conductive fluid medium, the 
electrode unit comprising a shaft having at one end means for connection to an instrument 
handpiece, and. mounted on the other end of the shaft, a tissue treatment electrode, the 
tissue treatment electrode being constructed to define pockets for trapping electrically- 
conductive flmd and vapour. 

The invention further provides an electrode unit for an electrosurgical instnunent for the 
treatment of tissue in the presence of an electrically-conductive fluid medium, the 
electrode unit comprising a shafl having at one end means for connection to an instrument 
handpiece, and. mounted on the other end of the shaft, a tissue treatment electrode, the 
tissue treatment electrode being made from an electrically-conductive material and being 
coated with a resistive inert material which is effective to mcrease the local power density 
within the tissue treatment electrode. 
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II 

The invention still fuzther provides electrosmgical apparatus comprising a radio frequency 
generator and an electrosurgical instrument for the treatment of tissue in the pressure of 
an electrically-conductive fluid medium, the instrument comprising an instnuncnt shaft, 
and an electrode assembly at one end of the shaft, the electrode assembly comprising a 
5 tissue treatment electrode and a return electrode \4nch is electrically insulated from the 
tissue treatment electrode by means of an insulation member, the tissue treatment 
electrode being exposed at the distal end ponion of the instrument, the return electrode 
having a fluid contact sur&ce spaced proximally from the exposed end of the tissue 
treatment electrode by the insulation member, and the radio frequency generator having 
10 a bipolar output connected to the electrodes, wherein the exposed end of the tissue 
treatment electrode is constructed to define a plurality of poclcets for trapping electrically* 
conductive fluid and vapour. 

The invention also provides electrosurgical apparauis comprising a radio frequency 
1 S generator and an electrosurgical instrument for the treatment of tissue in the presence of 
an electrically*conductive fluid mediimi, the instrument comprising an instrument shait, 
and an electrode assembly at one end of the shaft, the electrode assembly comprising a 
tissue treatment electrode and a return electrode which is electrically insulated from the 
tissue treatment electrode by means of an insulation member, the tissue treatment 
20 electrode being exposed at the distal end portion of the insmiment, the renim electrode 

having a fluid contact surface spaced proximally from the exposed end of the tissue 
treatment electrode by the insulation member, and the radio frequency generator having 
a bipolar output cormected to the electrodes, wherein the exposed end of the tissue 
treatment electrode is made frx>m an electrically-conductive material and is coated with 
25 a resistive inert material which is effective to increase the local power density within the 
tissue treatment electrode. 

Advantageously* the radio frequency goierator includes control means for varying the 
output power delivered to the electrodes. Preferably, the control means is such as to 
30 provide output power in first and second output ranges, the first output range being for 
powering the electrosurgical insuument for tissue desiccation* and the second output range 
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being for powering the electrosurgical instrument for tissue removal by vaporisation. 
Conveniently, the first output range is from about 1 50 volts to 200 volts, and the second 
output range is from about 250 volts to 600 volts, the voltages being peak voltages. 

The invention will now be described in greater detail, by way of example, with reference 
to the drawings, in which:- 

Figure 1 is a diagrammatic side elevation of an electrode unit, showing the use of such a 
unit for tissue removal by vaporisation; 

Figure 2 is a diagram showing an electrosurgical apparatus constructed in accordance with 
the invention; 

Figure 3 is a longitudinal sectional view of the distal end of a first form of electrode unit 
constructed in accordance with the invention; 

Figure 4 is a diagrammatic side elevation of the electrode assembly of a second fonn of 
electrode unit constructed in accordance with the invention; 

Figure 5 is a diagrammatic side elevation of a modified electrode assembly similar to that 
of Figure 4; 

Figure 6 is a diagrammatic side elevation of the electrode assembly of a third form of 
electrode unit constructed in accordance with the invention; 

Figure 7 is a diagrammatic side elevation of the electrode assembly of a fourth form of 
electrode unit constructed in accordance with the invention; 

Figure 8 is a diagrammatic side elevation of the electrode assembly of a fifth form of 
electrode unit constructed in accordance with the invention; 
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Figure 9 is a diagrammatic side elevation of the electrode assembly of a sixth form of 
electrode tinit constructed in accordance with the invention; 

Figure 1 0 is a diagrammatic side elevation of the electrode assembly of a seventh form of 
5 electrode imit constructed in accordance with the invention; and 

Figures 1 1 and 12 are schematic side elevations of the distal end portion of an electrode 
assembly similar to that of Figure 7, showing different stages in the formation of a vapour 
pocket around conductive electrode filaments. 

10 

Each of the electrode units described below is intended to be used with an electrically 
conductive fluid medium such as normal saline^ and each instnmient has a dual-electfode 
structure, vnih the conductive medium acting as a conductor between the tissue being 
treated and one of the electrodes, hereinafter called the return electrode. The other 
IS electrode is applied directly to the tissue, and is hereinafter called the tissue treatment 
active) electrode. 

Referring to the drawings. Figure 2 shows electrosurgical apparatus including a generator 
1 having an output socket 2 providing a radio frequency (RF) output for an instrument in 

20 the form of a handpiece 3 via a connection cord 4. Activation of the generator 1 may be 
performed from the handpiece 3 via a control connection in the cord 4, or by means of a 
footswitch unit S, as ^own, connected separately to the rear of the generator 1 by a 
footswitch connection cord 6. In the illustrated embodiment, the footswitch unit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 

25 generator 1 respectively. The generator front panel has push buttons 7a and 7b for 
respectively setting desiccation and vaporisation power levels, which are indicated in a 
display 8. Push buttons 9a arc provided as an alternative means for selection between the 
desiccation and vaporisation modes. The handpiece 3 mounts a detachable electrode unit 
E, such as the electrode units El to E7 to be described below. 
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Figure 3 shows the distal end of the first form of electrode unit B for detachable fastening 
to the electrosurgical instrument handpiece 3. The electrode umt EI is formed with an 
electrode assembly at the distal end thereof, the electrode assembly comprising a central 
tissue treatment (active) electrode 31 and a nibular return electrode 32. The active 
i electrode 3 1 is made of a twisted metal such as tungsten, a noble metal such as platinum, 
or a platinum alloy such as platinum/iridium, platinum/cobalt or platinum/tungsten, and 
the return electrode 32 is a stainless steel tube. The return electrode 32 is completely 
enveloped by an polyimide insulating sheatii 33. The return electrode 32 extends the entire 
length of the electrosurgical instrument, and constitutes the shaft of the instrument. Thus, 
the return electrode 32 is maintained at a relatively low temperature due to the tiiermal 
conduction therealong. 



The electrodes 31 and 32 arc provided with current from the radio frequency (RF) 
generator 1. the return electrode 32 being directly connected to die generator and the 

1 5 active electrode 3 1 being connected via a copper conductor 34. The generator may be as 
described in the specification of our co-pendmg European Patent Application No. 
96304558.8. The active electrode 31 is held centrally within the return electrode 32 by 
means of a ceramic insulator/spacer 35. The insulator/spacer 35 has a generally cylindrical 
portion 35a surrounding the junction between die active electrode 31 and the conductor 

20 34 and the adjacent regions of these two members, and four radially-extending, 
equispaced wings 35b which contact the internal circumferential wall of the return 
electrode 32 to hold the insulator/spacer, and hence the active electrode 31. centrally 
within the return electrode. 



25 A tube 36, made of an insulating material such as PTFE, is a firiction fit around the 
proximal end of tiie cylindrical portion 35a of die insulator/spacer 35, and extends 
substantially along the entire lengdi of the instrument The tube 36 defines, togedier with 
the return electrode 32, a coaxial saline supply channel 37, the interior of the nibe 36 
defining a saline return channel 38. In use* saline is fed to the channel 37 under gravity 

30 (no pumping being required), and saline is removed via the charmel 38 and apertures (not 
shown) in the cylindrical portion 35a of the insulator/spacer 35 by means of suction. 
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Preferably, the suction is earned out by a low noise pump (not shown) such as a moving 
vane pump or a diaphragm pump, rather than by using a high speed impeller. As the 
tubing leading to the pump will intermittently contain small quantities of saline, a large 
vacuum (at least SOOmBar) is required. However, the qtiantity of gas and liquid to be 
5 removed is comparatively small, and this permits the use of a moving vane or diaphragm 
pump, although a high volume peristaltic pump could also be used. 

To dmmivent the requirement for pump sterilisation, the ptmip operates via a disposable 
fluid trap (not shown) incorporating a lOfim PT7E filter. This filter prevents both 
1 0 exhausted fluids and gas particulates fit>m being drawn in by the pimip and contaminating 
its workings and the surrounding envirorunent. 

The instnmicnt described above is intended for use in open air or gas filled environments, 
in body fluids, or by insertion into tissue by the creation of a conductive fluid environment 

15 around the tip of the instrument, and it is so arranged that it is possible to create a local 
saline field at a distal end of the instrument. This instrument can, therefore, be used for 
laparoscopic applications. In use, saline is fed to the active electrode 31 via the chaimcl 
37, the saline providing a conductive medium to act as a conductive path between the 
tissue being treated and the rctum electrode 32. By varying the output of the generator I , 

20 the instrument can be used for tissue removal via vaporisation, for cutting or for 
desiccation. In each case, as saline contacts the active electrode 3 1 , it heats up until it 
reaches an equilibrium temperature dependent upon the power output of the generator 1 
and the flow rate of the saline. In equilibrium, as fresh saline is fed via the channel 37 to 
the active electrode 31, the exterior temperature of the shaft is maintained at the same 

25 temperature as of that of the surrounding saline. As the insulating sheath 33 completely 
covers the external surfiace of the return electrode 32, accidental contact between the 
return electrode and tissue is avoided. 

One of the advantages of using a low saline flow rate, is that the saline temperature can 
30 reach boiling point. However, as there is a continuous flow of saline, there is a 
temperature gradient rise in the saline from the return electrode 32 to the active electrode 



active 
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31. This temperatuie gradient is important, as the hotter saline adjacent to the ; 
electrode 31 reduces the power threshold requirement to reach vaporisation. Although the 
flow rate requirement can be calculated on the basis of the input power, the flexibility of 
the generator 1 in maintaining optimum power density means that the flow rate is non- 
5 critical. For example, if the generator 1 is set for 100 W, then the maximum flow rate is 
theoretically calculated as follows: 

Flow rate = power/specific heat capacity 
100/4.2 X 75 cc/s 
0.32 cc/s 

^ = 19cc/min 



This assumes an initial saline temperature of 25"C, and a heat capacity of 4200 J/kg/°C. 

Although during vaporisation saline is brought into the vapour state, the vapour is only 
i stable around the active electrode 31. Thus, the energy absorbed by virtue of the latent 
heat of vaporisation can be ignored, as this energy is recovered by fieshly-arriving salme. 

Another hnportant factor is that, due to die very short circuit path of the salme, the currem 
may be regarded as flowing along a number of differem paths, which, therefore, do not 
have the same power density. Consequently, vaporisation can occur at flow rates higher 
than the calculated maximum, due to the unequal power densities within the salme 
environment. However, the amount of vaporisation occurring along the length of the 
active electrode 3 1 will depend upon the flow rate. 

As the saline is heated up by the active electrode 3 1 , it is potentially damaging to tissue 
as it can cause diermal necrosis. It is important, therefore, that all the heated saUne is 
recovered and exhausted from the patient befiwe coming into contact with the tissue 
adjacent to the ^plication site. It is for this reason diat there is suction from the active 
electrode 31 to an exhaust reservoir (not shown). However, by ensuring Ujat the suction 
occurs in excess, no saline can tiien escape from region of die active lectrode 3 1 other 
than via tiie saline return channel 38. Any saline which escapes transversely beyond the 
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exterior shaft fells away from the current path, and so is not heated. The priority is, 
therefore, to ensure that the hottest saline is lemoved. As the thermal gradient is at a 
maximum adjacent to the active electrode 3 1 this is the most appropriate exhaust point for 
the saline. It is for this reason that the saline is exhausted through the cylindrical portion 
S 3Sa of the insulator/spacer 35. 

Another important consideration in deciding the point of saline evacuation is the potential 
for blockage of the exhaust path. This could occur when cutting or vaporising tissue in 
such a way as to free small tissue panicles \^ch could easily block the exhaust. The 
1 0 exhaust point is, therefore, selected to be at the highest energy density point on the active 
electrode 31. This measure ensures that any tissue approaching the exhaust point is 
instantly vaporised into solution* thereby avoiding the potential for blockage. 

Another significant advantage of ensuring a high degree of suction during tissue removal 
IS by vaporisation, is that any smoke which has not been absorbed by the saline is also 
evacuated. This is important, because smoke is capable of transmitting viable biological 
particles, and this could lead to infection. 

As mentioned above, the power threshold for vaporisation is not well defined. If the 
20 instrument were operating in a static conductive medium, then the vaporisation threshold 
would be well defined by an impedance switching point where the electrode impedance 
suddenly rises as a result of vapour pockets forming around the active electrode 3 1 . The 
threshold is normally dependent upon the dissipation mechanism of the saline. In a static 
environment, the dissipation mechanism is predominantly by convection currents within 
25 the saline. Under these circumstances, the power threshold for vaporisation is defined by 
the ii^nit power into the electrode active region being in excess of the dissipation from the 
saline. However, in the embodiment, described above, the saline around the active 
electrode 31 is continually refreshed. If it were not, then the only dissipation mechanism 
would be by latent heat of viqixmsation, and the saline would quickly evaporate. By 
30 providing a flow, the threshold power level is increased. However, the threshold power 
level is dependent on the saline refresh rate at the very periphery of the active electrode 



} 
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31. Theiefieshiaieat this boundaiy layer can be modified by altering the surfece finish 
of the active electrode 3 1 . For example, if the active electrode 3 1 had a smooth surface, 
then saline would be rapidly refreshed, as a rapid flow rate would be established. 
However, as the active electrode 3 1 has an irregular finish, the refresh rate of pockets 
within the irregular surface is diminished. Thus, the irregular surface traps saline (or at 
least dehiys the refresh) and vapour, and so absorbs more power before being replaced. 
In other words, the power threshold is decreased by the irregular active electrode surfiw*. 
TTiis is a highly desirable property, as the electrode power requirement drops substantiaUy 
without adversely effecting tissue performance. TTie threshold power is further reduced 
because the active electrode 3 1 is constructed so as to provide a capillary action. Thus, 
even in die vaporisedstate. the active electrode3l is intermittently wetted. By ensuring 
that Uiis wetting wets die enure active electrode 3 1 by capiUary action, there is a cominual 
source of vapour which minimises the intermittem wetting, and so further reduces the 
power demand. 



The return electrode 32 has a smooth polished surfece which has no impediment to 
convection currents. Consequentiy. die return electrode 32 docs have a constandy 
changing saline boundary layer which is replaced at a high rate, and the return electrode 
has a high power tiireshold. Moreover, die retiim electrode 32 forms one edge surface of 
the saline feed channel 37. so that there is a turbulent flow of saline along the return 
electrode. This results in iht boundary layer replacement being very rapid, and the 
electrode 32 itself being cooled by die flow. The resultant increase in die power diresboid 
of the return electrode 32 means dm vaporisation can never occur at die return electrode. 
Indeed, the power direshold of die rehim electrode 32 is increased in diis way so duit it 
is considerably in excess of die maximum available power. TTiis ensures dial, even if the 
remm electrode 32 is partially obscured, or die flow of saline impeded, die power 
direshold at die rehrni electrode will never be reached. As die power direshold for 
vaporisation at die rebim elecoode 32 cannot be reached, diere is no risk of tissue being 
vaporised by die rcnim electrode. Collateral tissue damage is, dierefore. avoided. 
Moreover, as die saline exhaust channel 38 is inside die remm electrode 32. the hottest 
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saline is removed efficiently, thereby precluding tissue damage by plumes of heated saline 
leaving the active electrode 3 1 . 

By varying the output of the generator 1, the electrode unit El can also be used for 
S dcsiccadon (coagulation). In this case, the generator 1 is controlled so that small vapour 
bubbles form on the surface of the active electrode 3 1 , but instiflicicnt vapour is produced 
to provide a vapour bubble (pocket) surrounding the active tip of the electrode, the vapour 
bubble being essential for tissue removal by vaporisation. 

10 The generator I is controlled in such a manner that it has respective output ranges for 
tissue desiccation and for tissue removal by vaporisation. The former range is from 150 
volts to 200 volts, and die latter range is from 250 volts to 600 volts, the voltages being 
peak voltages. In the vaporisation mode, the generator i is controlled in such a mamier as 
to prevent the active electrode 31 overiieating. This requires a reduction in the output 

1 5 voltage of the generator 1 once a vapour pocket has been established. The generator I and 
its control means are described in greater detail in the specification of our co-pending 
European Patent Application No. 96304S58.8. 

The coagulation from this electrode is vastly superior to any conventional bipolar 
20 electrode. The reasons are two-fold. Firstly, the coagulation mechanism is not merely by 
electrical current in the tissue, but is also due to the heated saline. Secondly, under normal 
circumstances, the weakest link in providing electrical power to the tissue is the electrode 
inter&ce, as this is the point of highest power density, and so imposes a power limit If 
too high a power level is attempted, the tissue at the interface quickly desiccates, far faster 
2S than the larger cross-section of tissue forming the remaining circuit. If a lower power is 
selected, the interface can dissipate the temperature rise by mechanisms other than 
vaporisation. Consequentiy, the interfece remains intact longer, and so a greater depth of 
effect can be achieved. In this embodiment, the electrical interface is much stronger by 
virtue of the saline, and it is not possible completely to desiccate the target tissue. Thus, 
30 power can be delivered at a higher rate and for a longer period, resulting in a depth of 
effect which is purely time and power related. 
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Vaporisation threshold control is an unportant aspca of such a multi-functional active 
electrode, the active electrode area being maximised for desiccation, whilst still being 
capable of vaporisation or cutting functions by retaining tiie vapour pocket and heated 
saline in the interstices of the active electrode. 



As mentioned above, a fundamental feature of tfie design of a bipolar clectrosurgical 
instrument is the ratio of tiie contact areas of the return electrode and of the active 
elccttode. This ratio should be high for vaporisation and low for desiccation. A balance 
must, therefore, be struck for multi-functional electrodes. The electrode unit El achieves 
this balance by minimising the ratio to ensure efficient desiccation, and by providing 
vaporisation threshold control to ensure efficient vaporisation. 

Figure 4 shows the electrode assembly of the second form of electrode unit E2. This unit 
E2 has a shaft (not shown) for detachably fastening the unit to the electrosurgtcal 
instrument handpiece 3. The electrode assembly is positioned at the distal end of the shaft, 
means (not shown) being provided at tiie other end of the shaft for connecting tiie 
electrode assembly to the handpiece 3 both mechanically and electrically. 

The electrode assembly includes a central, tissue contact (active) electrode 41 which is 
exposed at the extreme distal end of the instrument. The active electrode 41 is made of 
twisted strands of a metal such a tungsten, or a noble metal such as platinum, or a 
platinum alloy such as platinum cobalt, platinum/indium or platinum/ttmgsten. The active 
electrode 41 is electrically connected to tiie RF generator by a central conductor (not 
shown). An insulating sleeve 42 surrounds the active electnxle 41 and the inner conductor, 
the distal end of the insulating sleeve being exposed proximally of the exposed part of the 
electrode 41 . The sleeve 42 is made of a ceramic material, silicone rubber or glass. A 
return electrode 43 surrounds the sleeve 41, the return electrode being in the fonn of a 
stainless steel tube. The return electrode 43 is constituted by the distal end portion of the 
shaft of the instnunent, and is electrically connected to tiie RF generator. An outer 
insulating polyamide coating (not shown) surrounds that portion of the shaft adjacent to 
the return electrode 43. 
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The electrode unit £2 of Figure 4 is intended for tissue removal by a vaporisation within 
a distension medium in the form of an electrically conductive liquid such as saline. In this 
case, the power threshold required to reach vaporisation is dependent on the power 
dissipation capability of the active electrode 41 and the flow characteristics around it As 
5 the electrode assembly is immersed in saline* power dissipation is by electrical conversion 
to heat The heated saline rises as a plume from the active electrode 41 by the action of 
convection. Under these circumstances, the power threshold of vaporisation is dependent 
on the maximum rate of convection from the active electrode. 

10 The highest power density exists at the surface boundary of the active electrode 41. 
Power density falls off at a rate proportional to 1/d^ where d is the distance away from the 
active electrode 41. Therefore, it is the saline at the surface of the electrode 41 which 
defines the power threshold. The rate of saline replacement by convection and conduction 
tosses at this point defines the power threshold. As soon as this boundary layer vaporises* 

1 5 then the electrode 41 becomes stable in vaporisation with a lower power level. 

The irregular surface of the active electrode 4 1 traps saline, and so absorbs more power 
before being replaced A highly polished active electrode would have a constantly 
changing saline boundary layer, due to the convection currents "washing" its surface. In 

20 this case, the boundary layer would be replaced at a high rate, so there would be a high 
power threshold. The irregular stirface of the active electrode 4 1 , however, results in the 
trapping of saline (and vapour) so that the saline boundary layer changes at a low rate. 
Thus, the irregular surface of the active electrode 41 defines a number of peaks and 
troughs. The saline at the boundary layer of the peaks will be replaced readily by the 

25 convection currents. However, the convection of saline in the troughs will be impeded. 
Thus, the saline in the troughs will not be replaced as quickly, and so will absorb more 
power before being replaced. In other words, the power threshold is decreased by the 
irregular sur&ce of the active electrode 41. As with the embodiment of Figure 2, this is 
desirable as the electrode power requirement drops substantially without adversely 

30 affecting tissue performance. The threshold power is further reduced becatise the active 
electrode 41 is constructed so as to provide a capillary action. Thus, even in a vaporised 
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State, the active electrode 4 1 is intermittently wetted. By ensuring that this wetting wets 
the entire active electrode 41 by capillary action, there is a continual source of vapour 
which minimises the intermittent wetting, and so further reduces the power demand. 

S In the electrode unit E2 of Figure 4, the strands are shown loosely twisted so that adjacent 
strands touch each other either at spaced positions or not at all. Such a structure leaves 
a series of openings in the electrode that connect to a central axial cavity within the 
electrode structure lying along the longitudinal axis of the electrode. To prevent the 
electrode from fraying at its tip, the distal ends of the strands may be connected together, 
1 0 such as by welding or another fusing method. 

Referring to Figure 5, in a variation on the embodiment of Figure 4, an alternative 
electrode unit E3 has a plurality of conductive strands which are twisted or otherwise 
interlaced tightly about each other, so that adjacent strands press tightly against each 

IS other, causing any cavities lying along the electrode longitudinal axis within the twisted 
structure to be small or non-existent In this embodiment, substantially all the pockets for 
trapping conductive fluid are located at the outer surface of the electrode, in and along the 
joins between adjacent strands. The preferred material for the strands is an alloy of 
piatintmi and iridium. The tightly wound configuration provides a more rigid structure 

20 than that of electrode unit £2 shown in Figure 4. Again, the strands are welded together 
at the extreme distal end of the electrode. 

As yet a further alternative electrode structure, not shown in the drawings, the central- 
tissue contact (active) electrode 41 may be formed from a single length of conductive 

25 material with helical ridges formed iti its outer surface, either created by moulding, 
machining, or by twisting a piece of the material (preferably of non-circular cross section) 
about its longimdinal axis to cause spiralling ridges about the outer surface. As before, 
the ridges create pockets therebetween. Fonnation of spiralling ridges from a non-circular 
cross-section length of material may be performed by twisting the material so that the 

30 ridges are formed in the same way as ridges are formed when an elastic band is twisted 
about its own axis. 
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The above described alternatives to the twisted and interlaced structiue of Figure 4 may 
also be used in the embodiment of Figure 3. 

Figures 6 to 8 show modified versions E4 to E6 of the electrode units E2 and E3 of 
S Figures 4 and S, so like reference numerals will be used for like parts, and only the 
modifications will be described in detail. Thus, the electrode tmit E4 of Figure 6 includes 
an active electrode 51 in the form of a helical coil, the active electrode being made of 
tungsten, a noble metal such as platinum, or of a platintmi alloy such as platinum/indium, 
platinum/cobalt or platinum/tungsten. In use, saline is trapped between adjacent timis of 
10 the coil, so here again the saline boundary layer changes at a low rate, thereby ensuring 
that the active electrode 51 has a low power threshold. The active electrode 51 has the 
additional advantage that saline is trapped within the coil itself, thereby leading to a 
further reduction in the replacement rate of saline at the boundary layer, and a consequent 
further reduction in the power threshold. 

IS 

Figure 7 shows an electrode imit E5 having an active electrode 61 in the form of a brush 
constituted by a plurality of filaments made of tungsten* a noble metal such as platinum, 
or a platinum alloy such as platinum/iridium, platintmi/cobalt or platinum/tungsten. In 
use, saline is trapped within the strands of the filaments, once again leading to a reduction 
20 in the replacement of saline at the boundary layer, and a reduction in the power threshold. 
The filaments of the brush electrode 61 also provide a c2Q>illary action, further reducing 
the power threshold. 

The electrode unit E6 of the embodiment of Figure 8 is similar to that of Figure 6, having 
25 an active electrode 51 is in the form of a coil made of tungsten, a noble metal such as 
platinum, or a platintmi alloy such as platinum^dium, platinum/cobalt or 
platinum/tungsten. In this embodiment, however, the insulating sleeve 42 is formed with 
an arcuate extension 42a which constitutes a shroud. The iimer surface of the shroud 42a 
closely overiies the turns of the coil electrode 5 1 over about half its circimiference. The 
30 shroud 42a does, therefore, impede convection current flow, thereby inoeasing the ability 
of the electrode assembly to trap saline, and so leads to a finther decrease in the power 
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threshold. This electrode assembly benefits from a secondary mechanism. Thus, when in 
the vaporising state, tissue destruction yields gaseous products. The shroud 42a captures 
these gaseous products, and so excludes conduction by virme of the insulating properties 
of these gaseous products. 

5 

Figure 9 shows a further form of electrode unit £7 having an active electrode 71 in the 
form of a roller ball The roller ball electrode 71 is made of stainless steel, and is rotatably 
supported on an arm 72 made of an electrically-conductive material such as copper. A 
generally hemispherical shroud 73 is fixed to the arm 72 so as to closely surround about 

1 0 half of the area of the ball electrode 7 1 . The shroud 73 is made of an insulating material 
such as a ceramic material, silicone rubber or glass. A return electrode 74 made of 
stainless steel is mounted on that side of the shroud 73 remote from the ball electrode 71. 
Here again, the shroud 73 traps saline between its inner surface and the outer surface of 
the roller ball electrode 71, so the power threshold of the active electrode is reduced. The 

15 shroud 73 also traps the products of vaporisation to reduce the effective size of the large 
active electrode 71. Moreover, by excluding a direct return path through the saline, the 
return : active area ratio is effectively increased. This feature reduces the amount of power 
required to support vaporisation, and enables the use of a much larger active electrode 71 
than would otherwise be possible. Another advanti^e of the shroud 73 is that it preserves 

20 the environment in the immediate region of the active electrode 71 from disturbances 
which otherwise would be created by the flow of saline. 

Figure 10 shows another fonn of electrode unit E8 having an active electrode 81 which 
is constituted by a needle electrode 81a made of tungsten, a noble metal such as platinum, 

25 or a platinum alloy such as platinum/iridium, platinum/cobalt or platinimi/tungsten coated 
with a conductive ceramic material 81b. The coating 81b increases the power dissipation 
at the saline botmdary layer, by increasing the local power density within the active 
electrode 81. This results in an increase in the interfacing impedance between the 
electrode 81 and die saline. This increase in power dissipation leads to a reduction in the 

30 power threshold of the electrode 8 1 . This method of reducing the power threshold of an 
active electrode 81 is particularly useful for situations where active electrode is 
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necessarily very small due to the limitations imposed by certain operatioiial requirements. 
Obviously, the electrode 8 1 a could be coated with any other highly lesisd ve inert material, 
such as a highly resistive metal plating which is capable of withstanding the elevated 
temperatures associated with the vaporisation of tissue. Alternatively, the local power 
5 density of the electrode 8 la could be increased by spraying it with a porous insulating 
material such as a ceramic material, the spraying being such as to produce spots of 
insulation on a conductive sur&e. 

The return electrode of each of the embodiments of Figures 4 to 10 has a smooth polished 
10 surface which has no impediment to convection currents. As with the embodiment of 
Figure 2, therefore, each of these return electrodes has a high power threshold for 
vaporisation, so that there is no risk of tissue being vaporised by the return electrode, and 
no risk of collateral tissue damage. The electrode assembly of each of these embodiments 
could be positioned adjacent to the saline supply port of an endoscope so that saline will 
1 5 flow over the return electrode to provide a turbulent flow of saline along that electrode. 
This would result in the boundary layer replacement at the return electrode being very 
rapid, and further increase the power threshold of the return electrode. 

As mentioned above, multifunctional electrode units require vaporisation threshold 
20 control, and a minimum for the ratio of the contact areas of the return electrode and the 
active electrtxie. The minimimi ratio depends on four important criteria, namely: 

1 . The intrinsic impedance of the target tissue; 

2. The voliune of the body cavity; 

3. The configuration of the active electrode. 

25 4. The maximum output power firomRF generator. 

The configuration of the active electrode obviously influences the ratio, with cylindrical 
forms representing the lowest ratio for a given length, but the other factors relate to the 
ability of the electrode to retain the vapour bubble. The filaments of the brush-type 
30 electrodes retain vapour bubbles, which helps maintain the vaporisation condition. As a 
result, the ratio for this type of electrode can b lowest of the multifunctional electrodes; 
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and. when combined with application to tissue with high impedance, the ratio is similar 
to that for desiccate functions, that is in the region of 1:1 to 2:1. With solid electrode 
forms, however, the tr^sition and maintenance of the vaporisation condition at similar 
nmos requires very high power levels (greater than 150Wat 1.5mm diameter) for a given 
electrode size. As a result, the ratio must be elevated for these forms to the region of 2- 1 
.0 3:1. Changing the exterior surface with a variety of gnxwes or cuts, or by using coiled 

wtre to produceasimilarfom, assists vaporisatioaperfomumce by stimulating tte 
pocket retention of the brush-type electrodes, thereby allowing a reduction in the ratio. 

An arthroscopic electrode may be characterised as short (I00-140mm). rigid, and having 
a working diameter up to 4mm. If can be introduced through a stab incision into a joint 
cavty (with or without a camiula) using the triangulation technique. It is operated with 
a motion which commonly moves the electrode between the 9 o'clock and 3 o'clock 
positions on the arthroscopic image. As a ,«ult. the tissue to be treated is commonly 
approached at a shallow working angle with respect to the axis of the electrode. The 
active electrode, therefore, needs to include a range of end^ to siden^ffect properties. 
In certain cinrumstances. an end-effect is desirable, particulariy as an end-effect is very 
difficult to obtaining using a shaver device wherein the centrt: of rotation represents the 
desired poim of application. The tissue to be treated (such as meniscai cartilage) is 
commonly dense and of a high electrical impedance with a free edge of die cartilage 
representing the common site of injury where treatment is required. TTie electrode units 
El, E2, E3. E4. E5 and E8 are end-effect electrode units suitable for arthroscopic use. 

Either extensions or side-effect configurations of the insulator material assist with 
engagement, and prevent unwanted effects occurring in adjacem stnictures - usually the 
articular surfeces of the femur and tibia. In addition, the extension or side-effect electrode 
forms (of Figures 8 and 9) also assist in retaining the vapour pocket, and prevem cooling 
of the saline in die immediate vicinity of die active electrode by the flow of saline irrigant 
commonly from the endoscope. 
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The risk of heating distension fluid within the joint cavity occurs primarily during power 
application to reach the vaporisation threshold. Once the threshold has been reached, 
power requirements typically fall by 30-50%. Reducing the ratio increases the power 
requirement to reach the threshold so that, de^ite the high impedance of the target tissue* 
S it is undesirable to reduce the ratio to the lowest value capable of supporting vaporisation. 
The feature of vaporisation threshold control retains vapour pockets and heated saline in 
the interstices of Ae electrode* and configures the insulator to reduce the effect of irrigant 
flow* thereby assisting in reducing the power required to establish vaporisation and hence 
the risk of unwanted heating. 

10 

By way of example, the coiled wire-form electrode of Figure 6 entraps vapour products, 
as does the electrode of Figure 8 (a side-effect fonn with the added feature of the insulator 
shrouding the non-contact region of the active electrode). The addition of the insulator 
shrouding feature can halve the power required to reach the vaporisation threshold. 

15 

Typically, in arthroscopic use, the primary function comprises rapid debulking of dense* 
avascular tissue. The volume of tissue removed can be increased for a given size of 
electrode by a combination of the vaporisation threshold control feature and by increasing 
the output voltage from the RF generator 1 . Figure 1 1 shows a schematic of the brush* 

20 type electrode of Figure 8« wherein the vapour threshold is exceeded* and a vapour pocket, 
indicated by the reference P* is established around each of the filaments. When applied 
to tissue, particularly firm* dense tissue such as that comprising meniscal cartilage* the 
result will be vaporisation of a series of grooves in the tissue corresponding each of the 
filaments. Increasing the RF output voltage will increase the size of the vapour pockets 

25 around each of the filaments which, because of the retention will reach the stage* shown 
in Figure 12, where they merge to form a contiguous vapour pocket* indicated by the 
reference P', so that tissue which may otherwise have passed between the filaments is also 
vaporised. 

30 Our co-pending Eiux>pean Patent Application No. 96304558.S discloses discrimination 
between desiccation and vaporisation output functions. It also discloses that a blended 



wo 97/24993 PCT/GB97/00065 

28 

function can be created by constantly alternating between these output states. 
Vaporisation threshold control is particularly advantageous in these circumstances, as the 
hot saline created by the desiccate output phase is retained in proximity to the active 
electrode such that the vaporisation threshold is rapidly exceeded during the vaporisation 
S cycle. This is useful as a method to achieve simultaneous desiccation when detaching 
muscle from bony attachments, such as is performed in an acromioplasty of the shoulder 
joint, or when debulking diseased tissue with a vascular component such as synoviiun. 

The embodiment of Figure 9 is particularly usefiil with a resectoscope to perform 
10 electrosurgical vaporisation of the prostate (EVAP). This particular configuration 
comprises a roller bar (cylindrical) active electrode 71 , typically 2.4 to 3mm in diameter 
by 3 to 4 nun in width, it is evident that the return electrode 74 could be mounted in an 
axially-separated arrangement on the shaft 72. Under these circumstances, however, the 
size of the active electrode 71, and the exposure of the complete surface area to the 
15 conductive environment as well as the cooling effect of irrigant flow over the electrode, 
would require a very high power to reach the vaporisation threshold. 

It will be appreciated that the electrode 71 can be grooved or ridged so as to further reduce 
the vaporisation threshold. Similarly, the side-effect active electrode of Figure 8 (which 
20 could be axially or transversely mounted with respect to the axis of the resectoscope), 
could be substittited for the electrode assembly of Figure 9. In this case, the active 
electrode would not provide a mechanical rolling function. 

This instrument can also be used to perform electrosurgical vaporisation of soft tissue 
25 tumours, such as a prostatic adenoma, without use of a dispersive return plate in a 
conductive fluid envirorunent. It can also be applied to fibroids using a resectoscope in 
the uterine cavity. 

The electrosurgical instruments described above also have irrigated electrode applications. 
30 Thus, each utilises a method of creating a localised saline working environment as a 
means of completing the electrical circuit of axially separated active and return electrodes 
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to perform tissue vaporisation, cutting and desiccation in a gas or air filled body cavity 
whether of natural origin or created surgically, or at a tissue surface of the body whether 
of natural origin or created surgically. 

5 More specifically, each such instrument utilises a method of removing tissue by 
vaporisation wherein the products of vaporisation are aspirated from the site of application 
by suction through, or adjacent to, the active electrode assembly. Diseased tissue can be 
also removed by vaporisation from natural body cavities such as sinuses, nasal cavities 
and die oropharynx. Sunilariy, diseased tissue can be removed by vaporisation from the 
1 0 abdominal cavity under gaseous distension. 

Such an instrument can also be used to create the surgical access to an interstitial site 
where the tissue to be treated is lying deep to the tissue surface. 



30 
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1. An electrosurgical instnunent for the treatment of tissue in the presence of an 
electrically-conductive fluid, the insmsnent comprising an instnmient shaft and a tissue 

5 treatment electrode at one end of the shaft, the tissue treatment electrode being constructed 
to define a plurality of pockets for trapping electrically-conductive fluid and vapour. 

2. An electrosurgical instrument as claimed in claim 1, wherein the tissue treatment 
electrode is constituted by a plurality of interlaced strands of electrically-conductive 

10 material. 

3. An electrosurgical instrument as claimed in claim 1 or claim 2, wherein the tissue 
treatment electrode comprises a plurality of strands of electrically conductive material, 
with the strands being wound about each other. 

15 

4. An electrosurgical instrument as claimed in claim 1 , wherein the tissue treatment 
electrode comprises a shaft of electrically conductive material having spiralling ridges. 

5. An electrosiu-gical instrument as claimed in claim 1, wherein the tissue treatment 
20 electrode is constituted by a generally helical coil made of electrically-conductive 

material. 

6. An electrosurgical instrument as claimed in claim I, wherein the tissue treatment 
electrode is constituted by a plurality of filaments made of an electrically-conductive 

25 material. 

7. An electrosurgical instrument as claimed in any one of claims 1 to 6, further 
comprising an insulating shroud which extends along, and partially surrounds, the tissue 
treatment electrode. 



wo 97/24993 PCT/CB97/00065 

I 

31 

8. An electrosurgical instnunent as claimed in claim 1, wherein the tissue treatment 
electrode is constituted by a spherical member made of electrically-conductive material, 
the spherical member being mounted on the shaft of the instrument by means of an 
electrically-conductive support member, the instrument further comprising an insulating 

S shroud ^ch partially surrounds the spherical member. 

9. An electrosurgical instrument as claimed in any one of claims 1 to 8, wherein the 
tissue treatment electrode is made of a noble metal such as platinum. 



10 1 0. An electrosurgical instrument as claimed in any one of claims 1 to 8, wherein the 
tissue treatment electrode is made of a platinum alloy such as platinum/indium, 
platinum/tungsten or platinum/cobalt 

11. An electrosurgical instrument as claimed in any one of claims 1 to 8, wherein the 
I S tissue treatment electrode is made of tungsten. 

12. An electrosurgical instrument as claimed in any one of claims I to 1 U further 
comprising a return electrode which is electrically insulated from the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode being exposed 

20 at the extreme distal end of the tnstnmient and the return electrode having a fluid contact 
sur&ce spaced proximally from the exposed end of the tissue treatment electrode by the 
insulation member. 



13. An electrosurgical instrament as claimed in claim 12, wherein the fluid contact 
25 surface of the return electrode is fomied with a smooth polished surface. 

14. An electrosurgical instmment for the treatment of tissue in the presence of an 
electrically-conductive fluid, the instrument comprising an instrument shaft and a tissue 
treatment electrode at one end of the shaft, the tissue treatment electrode being made from 

30 an electrically-conductive material and being coated with a resistive inert material which 
is effective to increase the local power density within the tissue treatment electrode. 



. ,W0 97/24993 PCT/GB^^/OOOSS 

32 

15. An eiectrosurgical instrument as claimed in claim 1 4, wherein the resistive inert 
material is constituted by a conductive ceramic material. 

16. An eiectrosurgical instrument for the treatment of tissue in the presence of an 
5 electrically-conductive fluid, the insuument comprising an instrument shaft, and an 

electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
being exposed at the extreme distal end of the instrument, and the return electrode having 
1 0 a smooth, polished, fluid contact surface spaced proximally from the exposed end of the 
tissue treatment electrode by the insulation member. 

1 7. An eiectrosurgical instnmient as claimed in claim 1 6, further comprising means 
for feeding electrically-conductive fluid over the fluid contact surface of the return 

15 electrode. 

1 8. An electrode unit for an eiectrosurgical instrument for the treatment of tissue in the 
presence of an electrically-conductive fluid medium, the electrode unit comprising a shaft 
having at one end means for connection to an insmnnent handpiece, and, moimted on the 

20 other end of the shaft, a tissue treatment electrode, the tissue treatment electrode being 
consoructed to define pockets for tnq^ping electrically- conductive fluid and vapour. 

1 9. An electrode imit for an eiectrosurgical instrument for the treatment of tissue in 
the presence of an electrically-conductive fluid meditmi, the electrode unit comprising a 

25 shaft having at one end means for connection to an instrument handpiece, and, mounted 
on the other end of the shaft, a tissue treatment electrode, the tissue treatment electrode 
being made from an electrically-conducdve material and being coated with a resistive 
inert material which is effective to increase the local power density within the tissue 
treatment electrode. 



30 
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20. Electrosurgical apparatus comprising a radio frequency generator and ac 
electrosurgical instrument for the treatment of tissue in the pressure of an electrically- 
conductive fluid medium, the instrument comprising an instrument shaft, and an electrode 
assembly at one end of the shaft, the electrode assembly comprising a tissue treatment 

5 electrode and a return electrode vMch is electrically insulated from the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode being exposed 
at the distal end portion of the instrument, the return electrode having a flmd contact 
surface spaced proximally from the exposed end of the tissue treatment electrode by the 
insulation member, and the radio frequency generator having a bipolar output connected 
10 to the electrodes, wherein the exposed end of the tissue treatment electrode is constructed 
to define a plurality of pockets for Q^pping electrically-conductive fluid and vapour. 

21. Electrosurgical apparatus comprising a radio frequency generator and an 
electrosurgical instnmient for the treatment of tissue in the presence of an electrically* 

1 S conductive fluid medium, the instrument comprising an instrument shaft, and an electrode 
assembly at one end of the shaft, the electrode assembly comprising a tissue treatment 
elecurode and a retum electrode which is electrically insulated from the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode being exposed 
at the distal end portion of the instrument, the retum electrode having a fluid contact 

20 surface spaced proximally from the exposed end of the tissue treatment electrode by the 
insulation member, and the radio frequency generator having a bipolar output cormected 
to the electrodes, herein the exposed end of the tissue treatment electrode is made from 
an electrically-conductive material aiul is coated with a resistive inert material which is 
effective to increase the local power density within the tissue treatment electrode. 

25 

22. Apparatus as clainied in claim 20 or claim 21, wherein the radio frequency 
generator includes control means for varying the output power delivered to the electrodes. 
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23. Apparatus as claimed in claim 22, wherein the control means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgical instrument for tissue desiccation, and the second output range being 
for powering the electrosurgical instrument for tissue removal by vaporisation. 

5 

24. Apparatus as claimed in claim 23, wherein the first output range is from about 
I SO volts to 200 volts, and the second output range is from about 250 volts to 600 volts, 
the voltages being peak voltages. 
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